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Abstract 
Fatigue phenomenon is one of the main factors controlling the life of the steel bridges. And it is caused 
from accumulation of live load stress for long time under a normal condition rather than an extreme 
condition. In the steel plate girder railway bridge, a bending deformation is occurred on the effect of 
eccentric at the upper flange of inner girder. Because of the deformation, the occurrence of fatigue crack 
has been reported between upper flange and vertical stiffener. 
In this paper, visual inspection, load test and the structural analysis have been performed to find out 
causes of cracks of the steel plate girder railway bridge having 65-year serviced history. Also, appropriate 
retrofitting methods for the fatigue cracks at welded joint are suggested.  
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1. INTRODUCTION 
In Korea, steel bridge accounts for about 42.5% of all railway bridge. Among them, steel plate girder 
holds above 90%. However, since the 93.1% of the steel plate girder bridges have been used over 30 
years, it is judged that they need a regular inspection and consistent maintenance. Fatigue cracks which 
can be seen in these plate girder bridges usually occurs in welded joints of vertical stiffener, cross beam, 
floor beam and gusset plate placed at a vertical direction to girder. Meanwhile, in the case of steel plate 
girder bridge, since the width between girders is wider than between rails, eccentricity is applied to girder. 
From the effect of the eccentricity, bending deformation occurs at the upper flange of inner girder. And it 
has been reported that because of the deformation, the fatigue cracks occur at welded joint between upper 
flange and vertical stiffener by repeated load. In this study, a steel plate girder bridge which is currently 
a Corresponding author: Email: kyungks@hhu.ac.kr 
b Presenter: Email: pje1101@naver.com 
1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.07.194
Procedia Engineering 14 (2011) 1543–1548
Open access under CC BY-NC-ND license.
1544  K.S. KYUNG et al. / Procedia Engineering 14 (2011) 1543–1548
serving is chosen as a sample bridge, and the structural analysis of the welded joint between upper flange 
and vertical stiffener on serviced load is performed. Based on field test of the sample bridge, structural 
analysis was performed on retrofitting method of fatigue cracks on the welded joint between upper flange 
and vertical stiffener under locomotive load. Also, appropriate retrofitting methods for the cracks were 
suggested from the structural analysis.
2. RESEARCH SAMPLE BRIDGE AND STRUCTURAL ANALYSIS 
2.1. Characteristic of Sample Bridge 
In this study, a steel plate girder bridge was selected as a sample bridge for the retrofitting method of 
fatigue cracks on welded joint between flange and vertical stiffener. The characteristic of sample bridge 
and section dimension are shown in Table 1 and Table 2. The general drawing of sample bridge is 
presented in Figure 1.  
Table 1: Characteristic of sample bridge 
Item Contents 
Completion Year 1945 (About 65 years of serviced year) 
Bridge Type Steel plate girder 
Bridge Length 
Girder Spacing 
592.59m (7@13.70+24@19.902+19.09) 
1.8m 
Design Live Load 
Steel Grade 
LS-22 (Korean Railway Bridge Design Code) 
SWS490 (190MPa) 
Table 2: Section dimension of sample bridge 
Item Section Width(mm) Depth(mm) Height(mm) 
Main Girder 
Upper Flange 360 
22 
29 
38 
-
-
-
Lower Flange 
320 19 - 
360 
24 
35 
-
-
Web - 12 1180 
Vertical Stiffener 110 9 1180 
2.2. Analysis model and analysis condition 
The two models, which were grillage analysis and detail analysis, were applied to the sample 
bridge. As an analysis program, MIDAS Civil 2009 Ver. 2.0 was used. In the detail model, the analysis 
was performed dividing mesh size around the welded joint between flange and vertical stiffener into 3mm. 
The load of the sample bridge was the load of connected two diesel locomotive used in field test. The 
Figure 2 is presented the location applied a vehicle loading. And the vehicle loading was applied in the 
detail analysis. 
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Figure 1: The general drawing of sample  bridge (plan view and side view) 
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Figure 2: The location of vehicle loading and analysis model 
2.3. Comparison of field test and structural analysis result 
To verify the models of grillage analysis and detail analysis, they were compared with the data from 
field test in order to verify the structural analysis model. The gauges for field test were attached to the 
upper and lower flange of span center. The comparison between the measuring and the result of the 
structural analysis is presented in Table 3. 
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Table 3: Comparison of field test and structural analysis result 
Item 
Displacement (mm) Stress (MPa) 
G1 G2 G1 G2 
Field Test 
Upper Flange 
5.842 5.430 
41.643 40.704 
Lower Flange 36.211 35.395 
Grillage Model 
Upper Flange 
6.362 6.362 
36.052 36.052 
Lower Flange 37.848 37.848 
Detail Model 
Upper Flange 
6.645 6.638 
36.329 36.526 
Lower Flange 38.444 38.237 
From the result of displacement comparison, it was shown that there was disagreement with the 
displacement in field test. It is considered that there was no consideration about the stiffness of railway 
sleeper of bridge, and afterward a detail analysis will be performed on the welded joint between upper 
flange and vertical stiffener considering the stiffness of railway sleeper. But, from the result of stress 
comparison, it was found that, in the case of stress, it was similar to the one from field test. 
3. METHOD OF STRESS REDUCTION AT WELDED JOINT 
3.1. Fatigue Stress Inspection 
In this analysis, the sample place of fatigue inspection in plate girder bridge is the welded joint 
between upper flange and vertical stiffener where the eccentricity occurs due to the train load as shown in 
Figure 3. As shown in Figure 4, the fatigue cracks occur at the welded joint between upper flange and 
vertical stiffener. These cracks in welded part are judged that they were caused by stress concentration 
from bad welding and vibration and repeated stress caused by train passing etc. 
Figure 3: Target section of fatigue crack
Figure 4: Fatigue crack of sample bridge 
It is judged that since eccentricity load is applied to the inner flange of the sample bridge, the stress on 
the welded joint will be reduced if the vertical stiffener is reinforced by attaching reinforcing plate. 
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Therefore, as retrofitting methods, the two types are presented in Figure 5 and the structural analysis 
about them was performed. Figure 6 shows the stress contour of analysis result. 
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Figure 5: Retrofitting methods of each type 
       
Figure 6: Stress contour of analysis result 
3.2. Stress analysis result of welded joint between upper flange and vertical stiffener 
Table 4 shows the result of fatigue stress on the welded joint between upper flange and vertical 
stiffener in the detail model from structural analysis. Class C (64MPa) of Korea Design Criteria for 
Railroad (Bridge) was applied as fatigue class on the joint between upper flange and vertical stiffener in 
structural detail. The analysis result shows that all types of the retrofitting methods satisfy the allowable 
stress range. However, when comparing reducing ration of stress range, it is judged that Type A (about 
2%) is inefficient as the retrofitting method. Therefore, it is judged that using Type B will be more 
effective as the retrofitting method on the joint between upper flange and vertical stiffener. 
Table 4: Stress Analysis Result of Welded Joint 
Item 
Stress Amplitude 
(MPa) 
Reduction Ratio of 
Stress Range 
Allowable Stress Range 
(MPa) 
Before Retrofitting 99.3 - 
64.0 
After Retrofitting 
Type A 13.2 86.7% 
Type B 15.8 84.1% 
1548  K.S. KYUNG et al. / Procedia Engineering 14 (2011) 1543–1548
4. CONCLUSION 
From inspecting the retrofitting methods on the joint between upper flange and vertical stiffener of the 
sample bridge, the following conclusions were drawn.
1. The sample bridge was modeled and verified its validity based on the field test results in order to 
inspect the effective retrofitting method of fatigue stress. 
2. As the result of the fatigue stress from structural analysis, it was found that the sample bridge exceeded 
the allowable fatigue stress range and it needs early maintenance and management because the fatigue 
crack is in rapid progress.
3. Attaching reinforcing plate was suggested as a retrofitting method for crack considering workability in 
the field and structural properties of the bridge. And from the structural analysis, it is judged that Type B 
is more effective retrofitting method for the welded joint between upper flange and vertical stiffener in 
considering the amount of used steel.
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